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Introduction {#s1}
============

Exercise has positive and negative effects on immune system, susceptibility to minor illnesses. Regular moderate exercise is also associated with a reduced incidence of infection compared with a completely sedentary state. On the other hand, post exercise immune system dysfunction is mostly pronounced when the exercise is continuous and prolonged (\>1.5 h), of moderate to high intensity (55--75% maximum O~2~uptake), and performed without food intake ([@R01]).

One of the most important functions of immune system is to produce soluble or cellular factors that provide the immunity against inflammatory agents. The balance between omega-3 and omega-6 consumption is important to maintain normal immune response. Some investigators believe that omega-3 fatty acids have a major effect on decreasing inflammation; on the other hand omega-6 fatty acids consumption can lead to tissue damage and susceptibility for inflammatory disease. As omega-3 fatty acids are not synthesized in body, they must be supplied in food. Omega-3 fatty acids exert their biologic effects by changing components and fluidity of cellular membrane lipids bilayer or by directly providing the metabolic substrate. The results of some studies show that increasing consumption of omega-3 fatty acids may increase the body resistance against oxidative stress ([@R02], [@R03]). Eicosapentaenoic acid **(**EPA**)** is an unsaturated fatty acid that inhibits the arachidonic acid metabolism and subsequently causes decreased leukotriene 4, prostaglandin E2 and inflammatory cytokines production. Although Docosa-hexaenoicacid (DHA) does not have a direct effect on producing eicosanoids, but it plays an essential anti-inflammatory role by modifying cellular translation factors ([@R04]). Although it is believed that the inflammation is beneficent to the host defence system; however, it also acts as an important factor in many chronic diseases such as cancer, cardiovascular disease and diabetes ([@R05]). It has been reported that exercise can increase the inflammatory and pre-inflammatory cytokines much like infection or tissue damage ([@R06]).

The cytokines, such as interlukin-17(IL-17) act as an intercellular messenger molecules, when attached to the target cell, initiate their biologic effects. Several experimental and clinical studies show that IL-17 family members are involved in specific inflammatory processes. Most published evidence supports a role for IL-17, as a promoter of granulopoiesis, neutrophil accumulation, and neutrophil activation in the lung, joint space, central nervous system, and intestinal tissue. Although IL-17 is a T cell-derived, pro-inflammatory cytokine, but is suggested to be involved in the development of various inflammatory diseases ([@R04], [@R07]), IL-6 secretion ([@R08]) and neutrophil activation ([@R09]). C-reactive protein (CRP) is an acute phase protein which increases remarkably during infection, inflammation, and tissue damage ([@R08]). It is mainly produced and secreted into circulation by liver in response to circulatory inflammatory mediators ([@R10]). CRP level is the best indicator to determine tissue damage because CRP increased immediately at early phase of tissue deterioration ([@R11]). Recent studies reveal that CRP not only is an inflammatory mediator, but it plays very important role in inflammation ([@R12]). The injured muscle also releases protein such as creatinekinase (CK) and myoglobin into blood circulation ([@R11], [@R13]).

Immediately after marathon race, the level of CRP does not change, however, after the ultra-marathon race its level increases remarkably. After the end of ultra-marathon race the level of CK increases by 35 times, but after marathon race its levels increases only by 4 times ([@R13]). It is also demonstrated that 12 weeks of intensive exercise increased IL-17 levels, but in another group which had moderate exercise no change was observed ([@R14]). The effect of exercise along with fish oil supplement consumption on inflammatory mediators' levels has not been investigated. In this study we investigated the effect of incremental aerobic exercise accompanied with fish oil supplement consumption on IL-17 levels and some inflammatory markers.

Methods {#s2}
=======

Fifty four adult healthy male mice (age: 2 months old) were used in this study ([Table 1](#T1){ref-type="table"}). Principles of laboratory animal care (NIH animal care and guide) were followed. This study protocol has been approved by Shiraz Medical Sciences University Ethics Committee of Experimental Animals (Shiraz, Iran).

###### Body mass in various samplings of the 8-week research protocol

  ---------------------- -------------------- --------------------------- ------------------------------------- ------------------------------------- ---------------------------
  Test Time\             Pretest weight(gr)   **1** ^st^ **Post Test**\   **2** ^nd^ **Post Test weight(gr)**   **3** ^rd^ **Post Test weight(gr)**   **4** ^th^ **Post Test**\
  Group                                       **weight(gr)**                                                                                          **weight(gr)**

  Control                35.7 ± 1.15          35.65±1.04                  35.8 ± 0.83                           35.5± 0.80                            35.7± 0.75

  Supplement             35.6± 0.93           32.15± 0.78                 31.75± 0.84                           30.3± 0.83                            29.1± 0.74

  Training               35.4± 1.25           35.8± 1.10                  36.3± 1.12                            36.7± 0.80                            37.2± 0.70

  Supplement+ Training   35.5± 1.36           33.5± 1.18                  31.2± 1.11                            30.1± 0.98                            28.9± 0.82
  ---------------------- -------------------- --------------------------- ------------------------------------- ------------------------------------- ---------------------------

At first 10 mice were killed to determine the base line values and rest of them were divided randomly into four groups, control (C, n=11), supplement (S, n=11), training (T, n=11) and supplement-training (ST, n=11). The mice were kept in separate cages (each cage 6 mice), at ambient temperature of 23°C with a 12-h/12-h light/ dark cycle. The animals had free access to water and pellet chow containing of calcium and phosphorus.

Incremental aerobic exercise was performed using an animal treadmill system which allows 7 mice to run at the same time. In this study, we used a training protocol for treadmill running described by Rico et al., consisted of 5 days per week for 8 weeks ([@R15]). The steep grade treadmill incline was used to stimulate high-intensity muscle activity in mice. The mice started exercise trainings to be familiarized with treadmill running for a week. Within the beginning of the familiarization period the speed, steep and running time of treadmill was 5m/s, 0 degree and 10 minutes respectively. At end of the familiarization period the speed, steep and running time of treadmill was increased to 7m/s, 5 degree and 15 minutes respectively. In the principal protocol, running time was gradually increased from 15 min to 30 and 60 min per session for T, ST groups. Treadmill speed increased up to 27m/s with increments of 2-3° to reach a final grade inclination of 18°. The chronological progression in the treadmill speed, grade inclination, and running time are shown in the [table 2](#T2){ref-type="table"}. Control mice were kept in the cages at the same environmental conditions and inspected daily to control their health.

###### Training protocol (speed, slope, time) during eight weeks of research

  ----------- ---------------- --------------------- --------------------- --------------------- --------------------- --------------------- --------------------- --------------------- ---------------------
  Days        Variables        **1** ^st^ **week**   **2** ^nd^ **week**   **3** ^rd^ **week**   **4** ^th^ **week**   **5** ^th^ **week**   **6** ^th^ **week**   **7** ^th^ **week**   **8** ^th^ **week**

  ‌ Monday    Speed (m/min)    10\                   10\                   12\                   13\                   17\                   19\                   22\                   27\
                               5\                    10\                   15\                   15\                   15\                   15\                   18\                   18\
                               15                    15                    60                    60                    60                    60                    60                    60

              Slope (degree)                                                                                                                                                             

              Time (min)                                                                                                                                                                 

  Tuesday     Speed (m/min)    10\                   10\                   12\                   13\                   17\                   19\                   22\                   27\
                               5\                    13\                   15\                   15\                   15\                   15\                   18\                   18\
                               15                    15                    60                    60                    60                    60                    60                    60

              Slope (degree)                                                                                                                                                             

              Time (min)                                                                                                                                                                 

  Wednesday   Speed (m/min)    10\                   12\                   12\                   13\                   17\                   19\                   22\                   27\
                               8\                    13\                   15\                   15\                   15\                   15\                   18\                   18\
                               15                    15                    60                    60                    60                    60                    60                    60

              Slope (degree)                                                                                                                                                             

              Time (min)                                                                                                                                                                 

  Thursday    Speed (m/min)    10\                   12\                   12\                   13\                   17\                   19\                   22\                   27\
                               8\                    15\                   15\                   15\                   15\                   15\                   18\                   18\
                               15                    15                    60                    60                    60                    60                    60                    60

              Slope (degree)                                                                                                                                                             

              Time (min)                                                                                                                                                                 

  Friday      Speed (m/min)    10\                   12\                   13\                   17\                   19\                   22\                   27\                   27\
                               10\                   15\                   15\                   15\                   15\                   15\                   18\                   18\
                               15                    45                    60                    60                    60                    60                    60                    60

              Slope (degree)                                                                                                                                                             

              Time (min)                                                                                                                                                                 
  ----------- ---------------- --------------------- --------------------- --------------------- --------------------- --------------------- --------------------- --------------------- ---------------------

0.2 ml (0.06ml/g) fish oil which contains EPA and DHA was given to two groups of supplementation (S) and supplementation-training (ST) daily for 8 weeks.

In order to determine the levels of variables, in each trial, 10 mice were killed for blood sampling (for a total of 5 times including before starting the training protocol, once at each 2 weeks and at the end of the protocol). Blood samples were withdrawn from the tail under intraperitoneal ketamine and xylasine anaesthesia. Serum IL-17 levels were measured by ELISA method using commercial ELISA kits (mouse IL-17- kit-id labs Inc, Hungary) and also CRP was measured by (CRP-kit-neflometry, UK). In order to evaluate local inflammatory state of skeletal muscles, CK activity also was assessed by biochemical technique using UV-Visible spectrophotometer (Shimadzu UV-1601, Japan).

Statistical Analysis {#s2-1}
--------------------

SPPS version 16.0 was used for statistical analysis. Normality of data was analyzed by Kolmogorov--Smirnov test (K--S test). The values are presented as the mean ± standard error of mean (SEM). Multivariate analysis of variance was also used for data analysis. Tukey\'s HSD Post Hoc Test was used in circumstances which there were significant differences between experimental groups, because of the equality of mice at each group. The 0.05 level of significance was considered.

Results {#s3}
=======

There were no significant differences between the base line values in all groups ([Table1](#T2){ref-type="table"}, [3](#T3){ref-type="table"}). At the end of the study, the results showed a significant difference in IL-17 levels between groups (C: 121±0.52, S: 77±1.29, T: 130±0.91, ST: 130±2.25pg/ml; [Figure 1a](#F01){ref-type="fig"}) (p\<0.05). The result of post Hoc test revealed significant differences between the control group with other groups, the training group with the supplement group and also the supplement group with the supplement-training group. The maximum level of IL-17 was seen in the fourth blood sampling of the training group (138±0.65pg/ml), and the minimum level belonged to the fourth sampling of the supplement group (76±0.65pg/ml; [Fig. 1.a](#F01){ref-type="fig"}). There were significant differences for the CRP levels between the two groups of training and supplement-training (T: 2.1±0.59 mg/l, ST: 1.4 ± 0.10 mg/l) and also the other two groups (S:0.25±0.56 mg/l, C: 1.0±0.64mg/l) (p\<0.05).

###### IL-17, CRP, CPK plasma levels in 5 samplings. Pretest: baseline, Turn 1. Turn 2,3,4,5: first, second, third, and fourth blood sampling. IL-17(pg/ml); Interleukin 17, CRP; C reactive protein, CPK; creatine phosphokinase Data were shown as Mean ±SD.

  -------------- --------------- ------------------ ---------------- --------------------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- ------
  variables      Control group   Supplement group   Training group   Supplement-training group                                                                                                                                                                                                                                    

  time point 1   time point 2    time point 3       time point 4     time point 5                time point 1   time point 2   time point 3   time point 4   time point 5   time point 1   time point 2   time point 3   time point 4   time point 5   time point 1   time point 2   time point 3   time point 4   time point 5   

                                                                                                                                                                                                                                                                                                                                  

  IL-17          117\            119\               118\             119\                        121\           116\           114\           9\             76\            77\            120\           126±.645       132\           138\           130\           117\           115\           105\           114\           130\
                 ±\              ±\                 ±\               ±\                          ±\             ±\             ±.\            ±\             ±\             ±\             ±\                            ±\             ±\             ±\             ±\             ±\             ±\             ±\             ±\
                 0.645           0.654              0.325            0.564                       0.526          0.654          645            0.854          0.645          1.29           .654                          1.33           0.645          0.913          0.654          0.654          0.654          2.16           2.25

  CRP            0.6\            1.1\               1.3\             0.90\                       1.0\           0.8\           1.2\           0.9\           0.25\          0.25\          0.9\           1.3±0.11       2.5\           2.1\           2.1\           0.7\           2.1\           2.4\           1.4\           1.4\
                 ±\              ±\                 ±\               ±\                          ±\             ±\             ±\             ±\             ±\             ±\             ±\                            ±\             ±\             ±\             ±\             ±\             ±\             ±\             ±\
                 0.11            0.10               0.11             0.12                        0.65           0.11           0.59           0.85           0.11           0.57           0.11                          0.59           0.11           0.59           0.11           0.52           0.26           0.56           0.10

  CPK            86\             135\               121\             122\                        123\           81\            86\            98\            57\            58\            81\            133±6.54       140\           127\           203\           84\            122\           120\           123\           142\
                 ±\              ±\                 ±\               ±\                          ±\             ±\             ±\             ±\             ±\             ±\             ±\                            ±\             ±\             ±\             ±\             ±\             ±\             ±\             ±\
                 2.52            3.251              4.125            5.36                        4.30           4.32           5.05           4.04           3.47           3.11           5.34                          2.28           7.78           2.96           3.52           2.36           4.25           5.21           4.21
  -------------- --------------- ------------------ ---------------- --------------------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- ------

###### Fig. 1

Comparison IL-17(pg/ml), CPK(ul), CRP(mg/l) concentrations in 5 samplings between groups
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The maximum level of CRP belonged to the training and the supplement-training groups in the third sampling (2.5±0.6 ml/l and 2.4±0.26 mg/l respectively), and the minimum level belonged to the supplement group in fourth and fifth samplings (0.25±0.11, 025±0.57mg.l respectively)([Fig. 1.b](#F02){ref-type="fig"}). We also observed that there were significant differences in CK levels between the supplement (58±3.11ul) and other groups (C: 123± 4.3, T: 203±2.96, ST: 142 ±4.21 ul; [Table 3](#T3){ref-type="table"}) (p\<0.05). Our results showed that there were significant differences between the supplement group and other groups and also between the training group and the supplement-training group. As shown in [Fig. 1.c](#F03){ref-type="fig"}, maximum level of CK was seen in training group in fifth sampling (203±2.96u/l), and the minimum level belonged to the fourth sampling of the supplement group (57.75± 3.47u/l; [Fig. 1c](#F03){ref-type="fig"}).

Discussion {#s4}
==========

The results of the present study show that fish oil supplement consumption accompanied with incremental aerobic exercise significantly modulate inflammatory response by suppressing IL-17, CRP and CK that are usually increased following intensive exercise ([@R16]). These variables are involved in regulating immune responses and inflammation ([@R17]). Although preinflammatory cytokines production is necessary for immune defence, but over production of these cytokines may lead to inflammation and subsequently causing skeletal muscle damage, weakness and increased risk of infection ([@R11]). Some researchers believe that the levels of IL-17 may be a useful biochemical index to determine the produced acute inflammation in skeletal muscles ([@R10]).

In some studies, the effect of training intensity on IL-17 as a major factor has been considered and the results showed that the levels of this cytokine increased in group that had strenuous training, but in another group no change was observed ([@R14]). A similar pattern was also observed in our study with the increase in aerobic training (increase in speed, steep and time of training) ([Fig.1.A](#F01){ref-type="fig"}). In contrast to the result of this study, Golzari et al (2010) found that applying compound exercise program (including warming up, stretch trainings, aerobic trainings, strength trainings and relaxation trainings at the end of each session) did not increase IL-17 levels, and even in some cases, some decrease was observed which was attributed to the intensity of training ([@R18]). In our study, the finding can be due to adaptation of animals to exercise. On the other hand, levels of this cytokine in the supplement group are lower than other groups at the end of 8 week exercise. These two conflicting result in both groups of training and supplement may be due to the supplement consumption. However, the difference between two groups of supplement and training must be considered. Despite supplement consumption, the level of this cytokine in the supplement-training group is higher than the supplement group. The levels of IL-17 decreased in the third sampling of the ST group, but a significant increase was observed in fourth and fifth samplings that may be related to the amount of supplement consumption that was not enough to suppress inflammation induced by incremental exercise.

Distance of running must be considered as well. As the intensity and time of exercise increases, the level of this cytokine also increases.

Duzova et al (2009) have reported that strenuous exercises increase the IL-17 production, but the moderate exercises don't increase the IL-17 production ([@R14]). Possible involved mechanism could be releasing pre-inflammatory cytokines following strenuous exercise, which makes anti-inflammatory cytokines production such as IL-2, IL-6 and IL-10. It seems that sequence of production of pre-inflammatory and anti-inflammatory cytokines is the reason of production of IL-17 by blood and skeletal muscle peripheral leucocytes ([@R14], [@R19]). Intensity and duration of exercise is an important factor that contributes in increasing IL-17 production. In accordance to recent result the finding showed that omega-3 supplement consumption can somehow prevent the increase of this cytokine.

The normal level of CRP is about 0.8-5 mg/l in adults, but it may be increased during infection or physical activity by 100 times, because the CRP production depend on various agents such as cytokine production ([@R13]), as it\'s observed that omega-3 consumption for 8 weeks decreases CRP levels([@R20]). Lakka et el (2005) reported that 6 gms EPA consumption per day for 8 weeks decreases CRP level from 11 mg/l to 8 mg/l (probably due to IL-6 decreasing) ([@R21]). In [Fig. 1.b](#F02){ref-type="fig"}, we can observe that CRP levels are within normal range in all groups. The level of CRP in both supplement and control groups is lower than other groups and in the supplement group at least two samplings (4th and 5th blood samplings) showed the lowest rate. Thus according to the results published in earlier studies, the duration of supplement consumption is an essential factor. In our study, the level of this protein was decreased after 8 weeks, but in some previous studies contrasting results has been observed ([@R22], [@R23]). Additionally, there is a non-significant relation between CRP and DHA levels ([@R23]), and the fact that 4 grams of fish oil consumption per day doesn't change CRP levels in obese subjects ([@R22]).

Eight weeks of incremental aerobic training in our training group increased the CRP level. Thus, it can be suggested that inflammatory tendency increased in this group. Kim et al (2009) investigated the effect of distance in a marathon (42.195 km) and ultra-marathon (200 km) on this protein levels, and they found that after marathon race, the CRP level doesn\'t change, but after a day its level increased 3.4 times, and after 4 days it was recovered to its basal level. They also found that after ultra-marathon race, the CRP level was increased by 40 times, and remained nearly at noticed range up to 6 days after race ([@R13]).

The CRP changes in the supplement-training group are noticeable in our study. There was an increase in the supplement-training group similar to the training group in first three samplings, but in the second four weeks, the level of CRP gradually decreased. It can be suggested that fish oil supplement consumption to some extent can downregulate exercise induced inflammatory response, consequently decreasing CRP secretion.

Evidence showed that intensive exercise may lead to muscular damage at microscopic level, and finally resulting in inflammation. As noticed, when exercise causes muscle damage, the activity of CK increases in blood. Creatine Kinase is usually considered as reliable biomarker in determining muscle damage ([@R24]).The effect of two types of exercise (Eccentric and concentric) on some anti-inflammatory indexes has shown a significant relation exists between IL-6 increase and muscle damage measured by CK levels. In another study it was distinguished that carrying out 3 times 90 minutes - exercise training along with carbohydrate supplement cause a significant decrease at second and third times, but no change was observed at first time ([@R25]). In another study, the effect of sprint and endurance exercises on CPK level were also investigated. The results showed that there is a direct relation between the intensity and duration of exercise and CPK levels ([@R26]). In the present study the lowest level of CPK in different phases was observed in the supplement group suggesting the least muscle damage in this group. Comparing CPK levels in two supplement - training and training groups distinguishes that the CPK increase in the supplement- training group has been decreased by supplement consumption whereas in the training group the CPK level has not been decreased. The results in the training group shows that if increasing CPK is considered as an index for showing inflammation, it can be said that increased CPK levels reflects the micro-tears of skeletal muscle damage in mice. A recent study revealed that the time period of supplementation is a critical cause for changes in second and third blood samplings. ([@R27])The extent and range of injury in different types of exercise modality is dependent on various factors such as duration, intensity, the type of exercise, gender and the level of subject's physical fitness ([@R13], [@R26], [@R27]).

Conclusion {#s5}
==========

Fish oil supplement consumption downregulates incremental aerobic training induced IL-17 plasma levels increase. On the other hand, the incremental exercise activity causes muscle damage. Moreover, production of these IL-6 and IL-17 lead to CRP secretion which increases CK secretion. As shown in the present study, a direct and significant correlation was observed between the changes of CRP and CK ([@R18]). The results of present study should be confirmed by forthcoming studies that investigate the role of fish oil supplement on IL-17 and its role in acute inflammatory process of skeletal muscle that takes place with exercise.
